Carboxypeptidase O from Aspergillus oryzae IAM2640 is a serine-type carboxypeptidase. In this study, we cloned and sequenced cDNA and genomic DNA carrying ocpO encoding carboxypeptidase O. The results showed that the length of ocpO was 1,816 bp, and the open reading frame encoded a putative preproenzyme composed of 472 amino acid residues of the mature carboxypeptidase O and an additional N-terminal sequence of 50 amino acid residues. A BLASTN search revealed that a gene, AO090020000351, in A. oryzae RIB40, which is strain used in genome-wide sequencing, is a homolog of ocpO. The difference between AO090020000351 and ocpO was only one nucleotide. The difference caused substitution of Ala for Pro at the 277th position of the enzyme; therefore the protein encoded by AO090020000351 was overproduced and purified. The purified protein showed enzymatic properties similar to carboxypeptidase O, indicating that carboxypeptidase O and protease encoded by AO090020000351 are same enzyme.
Carboxypeptidase O from Aspergillus oryzae IAM2640 is a serine-type carboxypeptidase. In this study, we cloned and sequenced cDNA and genomic DNA carrying ocpO encoding carboxypeptidase O. The results showed that the length of ocpO was 1,816 bp, and the open reading frame encoded a putative preproenzyme composed of 472 amino acid residues of the mature carboxypeptidase O and an additional N-terminal sequence of 50 amino acid residues. A BLASTN search revealed that a gene, AO090020000351, in A. oryzae RIB40, which is strain used in genome-wide sequencing, is a homolog of ocpO. The difference between AO090020000351 and ocpO was only one nucleotide. The difference caused substitution of Ala for Pro at the 277th position of the enzyme; therefore the protein encoded by AO090020000351 was overproduced and purified. The purified protein showed enzymatic properties similar to carboxypeptidase O, indicating that carboxypeptidase O and protease encoded by AO090020000351 are same enzyme.
Key words: Aspergillus oryzae; carboxypeptidase; protease; carboxypeptidase O Serine-type carboxypeptidases (EC 3.4.16.-) are exopeptidases that selectively release C-terminal amino acid residues from peptides and proteins. These enzymes have a conserved substrate binding motif and three catalytic motifs that harbor catalytic Ser, Asp, and His residue. They are widely distributed in fungi as well as in higher plants and animals. [1] [2] [3] In fungi, intracellular and extracellular serine-type carboxypeptidases have been discovered. Serine-type carboxypeptidases localized at the vacuole and golgi apparatus (e.g., Saccharomyces cerevisiae carboxypeptidase Y and Kex1) are believed to be involved in the in vivo degradation and processing of peptides and proteins. [4] [5] [6] [7] [8] Secreted serine-type carboxypeptidases such as Aspergillus oryzae carboxypeptidase O1 and O2 degrade exogenous proteins as a nitrogen source, because the transcriptional levels of these proteinencoding genes are elevated in the presence of exogenous proteins. 9, 10) A. oryzae is a filamentous fungus used in the production of traditional Japanese fermented foods, such as miso (soy bean paste), shoyu (soy sauce), and sake (rice wine). The fungus has good potential for high production of various enzymes, such as proteases and amylases, and is listed as a ''Generally Recognized As Safe (GRAS)'' organisms by the US Food and Drug Administration. 11) Hence the fungus also used in the production of enzymes for food and medical-grade use. As for genomic analysis of A. oryzae, Expressed Sequence Tag (EST) analysis was performed in 2000 (http://riodb.ibase.aist.go.jp/ffdb/index.html), and analysis of the genome-wide sequence using genomic DNA from A. oryzae RIB40 was completed in 2005. 12) In this genome sequencing project, 12 genes were predicted to encode serine-type carboxypeptidases, because the amino acid sequences deduced from those genes had serine-type carboxypeptidase-conserved motifs. To date, several serine-type carboxypeptidases from A. oryzae have been purified and characterized. 9, 10, 13, 14) Carboxypeptidase O is one of the enzymes purified from cultured medium of A. oryzae IAM2640. 13) This enzyme showed broad substrate specificity for N-acylpeptides in an acidic pH range. However, the gene encoding carboxypeptidase O had not been cloned and sequenced. Thus it was unclear which gene encodes the carboxypeptidase O homolog of the 12 carboxypeptidase genes in A. oryzae RIB40, and the location of introns of the gene was also unclear. In this study, we cloned and sequenced cDNA and genomic DNA encoding the carboxypeptidase O of A. oryzae IAM2640, and found the homolog gene in the genome of A. oryzae RIB40 using the A. oryzae genome database (Database of Genomes Analyzed at NITE (DOGAN); http://www.bio.nite.go.jp/dogan/ MicroTop?GENOME ID=ao).
Materials and Methods
Strains, media, and culture conditions. A. oryzae IAM2640 was used in the cloning experiments on cDNA and genomic DNA encoding carboxypeptidase O, named ocpO. It was cultured on a Potato dextrose agar plate (Nissui, Tokyo, Japan) and a rice bran liquid medium (the supernatant of a 7% rice bran suspension, pH 4.5). A. oryzae RIB40 was used to obtain genomic DNA that served as template for y To whom correspondence should be addressed. Tel: +81-423-67-5707; Fax: +81-423-67-5715; E-mail: takem@cc.tuat.ac.jp amplification of a gene, AO090020000351, by PCR. The strain was cultured on a Potato dextrose agar medium and an SPL medium (3.5% soluble-starch, 2% polypeptone, 0.5% KH 2 PO 4 , and 0.5% MgSO 4 ). A. oryzae leu-5 (International Patent Organism Depositary, deposit no. FERM P-20079) was used as the host strain in constructing an AO090020000351 overexpressing strain. Since A. oryzae leu-5 is a leucine requiring mutant, it was cultured on a 1-mM leucine-containing Potato dextrose agar medium and an SPL medium. In the transformation experiment, protoplasts of the transformant candidates were regenerated in Czapeck dox agar medium (3% sucrose, 21.9% sorbitol, 0.3% NaNO 3 , 0.1% K 2 HPO 4 , 0.05% MgSO 4 , 0.05% KCl, 0.001% FeSO 4 , and 2% agar, pH 6.0). To obtain overexpressed protein from the transformant, the transformant was cultured in an SYP medium (5% soluble starch, 1% yeast extract, 2% bacto peptone, 0.5% KH 2 PO 4 , 0.5% MgSO 4 , and 1% rice bran, pH 3.5). All of the inoculated media were incubated at 30 C.
Construction of a cDNA library and cloning procedures. In a previous study, carboxypeptidase O from A. oryzae IAM2640 was purified from cultured rice bran liquid medium; 13) thus total RNAs were isolated from mycelia of A. oryzae IAM2640 cultured in rice bran liquid medium at 30 C for 24 h. mRNAs preparation and synthesis of cDNAs were performed as previously described. 15) Then EcoR I adaptors were ligated at the 5 0 and 3 0 ends of the synthesized cDNAs, and these were packaged in vitro for gt11 following a previous paper. 15) Primary screening from the constructed cDNA library was carried out by immunoscreening using antiserum against carboxypeptidase O raised in adult rabbits following previous studies. 13, 15) Secondary screening was carried out by southern blotting. The synthetic oligonucleotide probe (5
0 ) used in secondary screening corresponded to the activesite consensus sequence of the serine-type carboxypeptidases. gt11 DNA from the positive clone was partially digested with EcoR I and then subcloned into pUC118. For DNA sequencing, a deletion series was constructed using a Deletion Kit for Kilo-Sequencing (Takara Bio, Shiga, Japan). The resulting deletion mutants were sequenced.
Construction of a genomic DNA library and cloning procedures. Genomic DNA of A. oryzae IAM2640 was isolated from mycelia of A. oryzae IAM2640 cultured at 30 C for 40 h. Then it was digested with BamH I, and fragments of about 3.8 kb were extracted with a QIAquick Gel Extraction kit (Qiagen, Hilden, Germany). Then the extracted fragments were blunt-ended, and then EcoR I-Not I-BamH I adaptors were ligated at 5 0 and 3 0 ends. The constructed fragments were inserted into the EcoR I site of the gt11 DNAs and packaged. Screening from the constructed genomic DNA library was performed by plaque hybridization using digoxigenin labeled nucleotide as a probe. gt11 DNA from the positive clone was extracted and subjected to southern blotting. The probe used in plaque and southern hybridization was a digoxigenin-labeled EcoR I digested cDNA fragment of ocpO. gt11 DNA from a positive clone was digested with BamH I and subcloned into pUC118, and the resulting plasmid was named pUC118ocpO. No suitable restriction enzyme to construct a deletion series using the Deletion Kit for Kilo-Sequencing was found in pUC118ocpO, and hence a deletion series for DNA sequencing was constructed as follows: pUC118ocpO was digested with EcoR I, and the resulting ocpO fragments, of 800 bp and 2,400 bp, were purified with the QIAquick Gel Extraction kit. Each fragment was cleaved randomly by sonication, and then the 5 0 and 3 0 ends of the resulting small fragments were converted to blunt ends, and these were bluntend ligated into the Sma I site of pUC119. Plasmids were selected randomly from the resulting deletion series and sequenced.
N-Terminal sequencing and DNA sequencing. In N-terminal amino acid sequencing, purified carboxypeptidase O produced by A. oryzae IAM2640 was used as a sample.
13) The sample was separated by Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). After electrophoresis, the separated protein was transferred to a PVDF membrane (Millipore, Billerica, MA), and then the Nterminus was sequenced by Edman degradation on an ABI 476A protein sequencer (Applied Biosystems, Foster City, CA). The nucleotide sequence was determined by the dideoxynucleotide chaintermination method.
Site-directed mutagenesis. Mutated carboxypeptidase O Ser79Ala was made using a Mutan-K Enzyme Set (Takara Bio). The oligonucleotide 5 0 -CGTCGGAGAAGCTTATGCAG-3 0 was used to introduce the mutation into the cDNA encoding carboxypeptidase O. The underlined nucleotide is different from that of the wild type. The mutation was confirmed by sequencing. The resulting mutated cDNA was cloned into pG-3, and the constructed plasmid was transduced into S. cerevisiae YPH250. 16) Construction of an AO090020000351 overexpressing strain. Patented plasmid pUCLTS1 was used in the construction of the overexpressing cassette. The plasmid had leuA (alpha-isopropyl malate synthase, a selection marker gene), a sodM (superoxide dismutase) promoter, and a glaB (glucoamylase) terminator. A gene, AO090020000351, was amplified by PCR (96 C 20s, 60 C 30s, and 72 C 2 min, 30 cycles) using genomic DNA from A. oryzae RIB40 and primers (5 0 -ATGCGTGCGGCAACGGCTATCGCTT-CTCTTTTGCTGG-3 0 and 5 0 -CTATGCAGTGTATCCTCCCCGCT-GCTGCAGGTTCTC-3 0 ), and then the amplified AO090020000351 was purified with the QIAquick Gel Extraction kit. Then the 5 0 and 3 0 ends of the purified gene were converted to blunt ends, and they were blunt-end ligated between the sodM promoter and the glaB terminator. The constructed plasmid was named pUCLTS1ocpO. Using pUCLTS1ocpO as template DNA, the leuA-sodM promoter-AO090020000351-glaB terminator fragment was amplified by PCR (96 C 20 s, 60 C 30 s, and 72 C 9 min, 30 cycles) using primers (5 0 -GCGTGGTTTACTAGCTTTAGTGCTACCAAA-3 0 and 5 0 -CTG-CAGATCGGCTGAAGTTAGGAGCGGCCATTGTC-3 0 ). The amplified fragment was purified with the QIAquick Gel Extraction kit, and then it was introduced into A. oryzae leu-5 by the protoplast-polyethylene glycol method using Czapeck dox agar medium as a selection medium.
Purification of the overproduced protein. For recombinant protein production, the constructed AO090020000351-overexpressing strain was cultured in 1 liter of an SYP medium at 30 C by rotary shaking culture for 5 d. Purification of the overexpressed protein was done using anion-exchange, cation-exchange, and gel filtlation columns following a previous study.
13)
Deglycosylation, SDS-PAGE, and peptide mass finger printing. Deglycosylation of the purified protein was carried out using endoglycosidase H (Roche, Basel, Switzerland) following the manufacturer's instructions. SDS-PAGE analyses were performed using 10% polyacrylamide gel. Protein bands were stained with Coomassie Brilliant Blue R-250. In-gel tryptic digestion, peptide mass measurement, and analysis of fingerprints were performed as previously described. 17, 18) Carboxypeptidase activity assay. Measurement of carboxypeptidase activity was performed by the ninhydrin method, as previously described. 10, 19) One mM Z-Glu-Tyr dissolved in 50 mM acetate buffer (pH 3.7) was used as substrate. One katal of carboxypeptidase was defined as the amount of enzyme required to liberate 1 mole of Tyr from Z-Glu-Tyr per s at 30 C at pH 3.7. 13) Carboxypeptidase activity for angiotensin I and bradykinin was investigated by MALDI-TOF-MS. Angiotensin I or bradykinin (1.5 nmol, pH 3.7) and 0.18-16 pmol of the enzyme were mixed, and the mixture was incubated at 30 C for 3, 10, 30, 60, 120, 180, and 240 min. Three microliters of the reaction mixture was mixed with a matrix solution (a saturated -cyano-4-hydroxycinnamic acid solution in 50% acetonitrile), and then applied to Voyager DE-STR and analyzed using Data Explorer software (Applied Biosystems, Foster City, CA). The protein concentration was measured spectrophotometrically at 280 nm. The molar extinction coefficients was calculated using an equation described previously. 20) Enzymatic characterization of the purified protein. The enzymatic properties of the purified protein (optimam pH, pH stability, thermal stability, inhibitory effects of protease inhibitors, substrate specificity, and kinetic values) were determined following our previous study. Carboxypeptidase O was purified from cultured medium of A. oryzae IAM2640 following our previous study, 13) and the N-terminal amino acid sequence of it was determined using an ABI 476A protein sequencer. The N-terminal amino acid sequence of carboxypeptidase O as determined was Asp-Tyr-Lys-Tyr-Leu-ThrAsn-Lys-.
Screening of an A. oryzae IAM2640 cDNA library using a synthenic oligonucleotide probe identified three clones that had approximately 1,450 and 1,300-bp cDNA fragments and two clones that had an approximately 1,300-bp cDNA fragment (Fig. 1A) . Restriction mapping showed that the 1,300-bp fragment was an EcoR I digested fragment of the 1,450-bp fragment; thus the 1,450-bp fragment containing clones were sequenced completely. The sequenced 1,450-bp fragment encoded 479 amino acid residues, including the determined N-terminal amino acid sequence of mature carboxypeptidase O, but there was no translation start ATG in the upstream region of the nucleotide sequence encoding the N-terminal amino acid sequence of mature carboxypeptidase O. This result indicates that the cloned cDNA encoding carboxypeptidase O lacked the 5 0 end region. Hence we constructed an A. oryzae IAM2640 genomic DNA library, screened a gene encoding carboxypeptidase O, and sequenced it for supplementation of missing region. Screening of the A. oryzae IAM2640 genomic DNA library identified eight positive clones, and southern blot using gt11
DNA from the positive clones showed that they had a 3,200-bp DNA fragment that contained a gene encoding carboxypeptidase O (Fig. 1C) . Thus the nucleotide sequence of the 3,200-bp fragment was determined completely.
The results of cDNA and genomic DNA sequencing revealed that a gene encoding carboxypeptidase O, named ocpO, was composed of 1,816 nucleotides. The gene had a 1,569-bp open reading frame interrupted by four introns, and encoded 522 amino acid residues (Fig. 2) . Putative CAAT and TATA box motifs were present in the 5 0 -upstream region from the translation start codon, and a putative polyadenylation signal was located 208 bp downstream from the termination codon. The amino acid sequence of carboxypeptidase O deduced from ocpO had seven potential N-linked oligosaccharide sites. As shown in Fig. 3 , the result of a multiple alignment of the amino acid sequences of carboxypeptidase O and catalytic amino acid residuesknown serine-type carboxypeptidases showed that carboxypeptidase O had serine-type carboxypeptidase conserved-motifs (a substrate binding motif, and Ser, Asp, and His residue-including catalytic motifs). The locations of these putative conserved motifs of carboxypeptidase O almost completely matched those of Aspergillus phoenicis CpdS (NCBI accession no. P52719).
In addition to these putative catalytic motifs, carboxypeptidase O had another Ser residue-including motif-like sequence in the upstream region of a putative substrate binding motif (Figs. 2 and 3 ). To determine whether Ser79, which was included in the catalytic motif-like sequence, is essential for activity of carboxypeptidase O, we generated a point mutation that changed Ser79 to Ala. The resulting mutant protein maintained activity of 
65% relative to carboxypeptidase O, indicating that Ser79 is not essential for the activity of carboxypeptidase O.
A BLASTN search of the A. oryzae RIB40 genome database using the determined nucleotide sequence of ocpO showed that a homolog gene of ocpO was present in the genomic DNA of A. oryzae RIB40; that gene is AO090020000351 (DOGAN accession no.) (=NCBI Gene ID. 5996768). The nucleotide sequence of AO090020000351 from A. oryzae RIB40 completely matched that of ocpO from A. oryzae IAM2640, except for only one nucleotide positioned 1,010 bp downstream from the ATG translation start site (Fig. 2) . The nucleotide located at the position of ocpO was a cytosine; on the other hand, that of AO090020000351 was a guanine. The nucleotide sequences of upstream and downstream regions of AO090020000351 completely matched those of ocpO.
Construction of an AO090020000351 overexpressing strain and purification of overproduced protein
Carboxypeptidase O had Pro at the 277th position; on the other hand, the deduced amino acid sequence from AO090020000351 had Ala at the position that resulted from the difference of a nucleotide located at the 1,010th position of the genes. Hence we constructed an AO090020000351 overexpressing strain and purified overproduced protein from the transformant for comparison of the enzymatic properties of the protein with those of carboxypeptidase O.
AO090020000351 overexpressing strains were constructed using the leuA-sodM promoter-AO090020000351-glaB terminator fragment with A. oryzae leu5 as the host strain. The constructed strain had sodM promoter-AO090020000351-glaB terminator fragments randomly in the genomic DNA (data not shown). Filtrate from 5-d cultured medium of the transformant showed significant carboxypeptidase activity for Z-GluTyr as compared with the host strain, and it contained a protein of 66-97 kDa that was not contained in filtrate from the host strain (Fig. 4) .
The overproduced protein from the transformant was purified on anion-exchange, cation-exchange, and gel filtration columns. These purification steps led to the acquisition of 23.4 mg of purified protein with a specific activity of 463.0 mkat/kg from 820 ml of medium. The purified protein was identified as the gene product from AO090020000351 by peptide mass fingerprinting using the MALDI-TOF MS and the MASCOT search program. The apparent molecular mass of the protein as calculated by SDS-PAGE was approximately 72,000 Da, and that of the deglycosylated translation product from AO090020000351 with endoglycosidase H was 58,000 Da, which was consistent with the molecular mass calculated from the deduced amino acid sequence of AO090020000351 (57,522 Da) (Fig. 4) .
Enzymatic properties of the purified protein When angiotensin I or bradykinin was used as substrate, the purified protein released amino acid residues sequentially from the C terminus of the peptides, indicating that it had carboxypeptidase activity. The substrate specificity of the enzyme was determined using small N-acylpeptides as substrates, and results are shown in Table 1 . The enzyme showed carboxypeptidase activity for almost all the substrates The conserved substrate binding motif is marked by line I, and the catalytic motifs are lines II-IV. The catalytic motif-like sequence is shown double-line. Catalytic amino acid residues are shown by solid circles. The catalytic Ser, Asp, and His residues of carboxypeptidase Y and CpdS were determined in previous studies. [21] [22] [23] [24] [25] Completely conserved residues are shown by asterisks. . The optimal pH, pH stability, and thermal stability of the enzyme are shown in Table 2 . The enzyme exhibited the highest activity at pH 3.5-3.7 for Z-Glu-Tyr, and maintained activity of 90% relative to maximum activity in a pH range of 6-7. The residual activity of the enzyme after it was exposed at 55 C for 30 min was 85%, but that of the enzyme after 30 min of incubation at 65 C was 5%. The carboxypeptidase activity of the enzyme was partially inhibited by serine protease inhibitor PMSF, but E-64 (a cystein protease inhibitor), MIA (a cystein protease inhibitor), pepstatin A (an aspartic protease inhibitor), and EDTA (a metalloprotease inhibitor) did not affect to its activity (Table 3) . These enzymatic properties of the enzyme encoded by AO090020000351 were very similar to those of carboxypeptidase O.
Discussion
Carboxypeptidase O from A. oryzae IAM2640 was purified and characterized by Takeuchi and Ichishima, 13) but no gene encoding the enzyme has been cloned and sequenced yet. In this study, we cloned cDNA and genomic DNA encoding carboxypeptidase O of A. oryzae IAM2640. The gene encoding carboxypeptidase O, named ocpO, was 1,816 bp and its open reading frame was 1,569 bp (Fig. 2) .
Catalytic Ser, Asp, and His residues of carboxypeptidase Y of S. cerevisiae and CpdS of A. phoenicis have been determined experimentally. [21] [22] [23] [24] [25] The amino acid sequences around the catalytic residues are highly conserved and are called catalytic motifs. The amino acid sequence of carboxypeptidase O deduced from ocpO had three putative catalytic motifs, around the Ser207, Asp411, and His490 residues. The result of a multiple alignment of the amino acid sequences of carboxypeptidase O, carboxypeptidase Y, and CpdS showed that the locations of the putative catalytic motifs of carboxypeptidase O almost completely matched those of CpdS, strongly suggesting that the locations of the putative catalytic motifs of carboxypeptidase O are plausible. However, in addition to three putative catalytic motifs, carboxypeptidase O had another catalytic motif-like amino acid sequence (Figs. 2 and 3) . This sequence was identical to the sequence of the Ser residue-including catalytic motif, -Gly-Glu-Ser-TyrGly/Ala-Gly-. We generated a point mutation that substituted Ala for Ser79 in the motif-like sequence, but the mutant protein maintained activity of 65% relative to carboxypeptidase O. This result indicates that Ser79 of carboxypeptidase O was not involved in the catalytic triad of serine-type carboxypeptidases, comprising Ser-Asp-His. Therefore, the catalytic amino acid residues of carboxypeptidase O are Ser207, Asp411, and His490 residues.
The determined N-terminal amino acid sequence of carboxypeptidase O was Asp-Tyr-Lys-Tyr-Leu-ThrAsn-Lys-. This matches the deduced amino acid sequence of ocpO at positions 51 to 58, indicating that the protein encoded by ocpO was a preproenzyme. Since carboxypeptidase O has been purified from cultured medium, 13) the enzyme must be a secreted protein. This suggests that the amino acid sequence before position 51 includes a secretory signal peptide sequence.
A BLASTN search analysis of the A. oryzae genome database revealed that a gene, AO090020000351, in the genomic DNA of A. oryzae RIB40 was a homolog gene of ocpO. In the genome sequencing project on A. oryzae RIB40, AO090020000351 was predicted to have four introns. The locations and lengths of the predicted introns completely matched the introns of ocpO determined experimentally in this study. This result indicates that prediction of introns by the genome sequencing project is reliable.
A comparison of the nucleotide sequences of ocpO and AO090020000351 revealed that the difference between these genes was only one nucleotide positioned 1,010 bp downstream from the ATG translation start site. In addition, the substrate specificity of the protein encoded by AO090020000351 for N-acylpeptides, the stability of the enzyme, and the inhibition rate of activity with PMSF were very similar to those of carboxypeptidase O from A. oryzae IAM2640.
13) Therefore, we conclude that the protein encoded by AO090020000351 from A. oryzae RIB40 and the carboxypeptidase O from A. oryzae IAM2640 are the same enzyme. The nucleotide located at the 1,010 position of ocpO was a cytosine; on the other hand, that of AO090020000351 was a guanine. This difference caused difference of the amino acid residue located at the 277th position of the gene product. However, enzymatic properties were similar between two enzymes, indicating that the amino acid residue located at the 277th position has no effect on the properties of the enzyme. Protease activity was measured using Z-Glu-Tyr as substrate. a pH range in which the enzyme had residual activity of over 90% relative to maximum activity.
b Maximum temperature at which the enzyme had residual activity of over 60% relative to maximum activity. c Data in ref. 13 . N.D., not determined In the A. oryzae genome-wide sequencing project, 12 genes were predicted to encode serine-type carboxypeptidases, because the amino acid sequences deduced from those genes have serine-type carboxypeptidaseconserved motifs. 12) Of the 12 gene products of those genes, 10 products were predicted to be extracellular serine-type carboxypeptidases based on the presence of a signal sequence and the absence of transmembrane domains. Gene AO090020000351 is one of the predicted genes encoding an extracellular serine-type carboxypeptidase. According to the results of an EST analysis of A. oryzae RIB40 (http://riodb.ibase.aist.go.jp/ffdb/ index.html), 26) a transcript of AO090020000351 was found in hyphae cultured not only in liquid media but also in solid media such as soy bean and rice. On the other hand, transcripts of other predicted genes encoding extracellular serine-type carboxypeptidase were found in hyphae cultured only in liquid or solid medium. These results suggest that the protein encoded by AO090020000351 (carboxypeptidase O) in the A. oryzae wild-type strain would be helpful in degrading exogenous peptides and proteins to amino acids as nitrogen source not only in a liquid condition but also in a solid condition, and imply that the enzyme is one of the main extracellular proteolytic enzymes in the A. oryzae wild-type strain.
